Here we report the presence of 2B-chromosomes in Glycine max, which has yet not been reported. These chromosomes were observed in the natural population in 6 out of 85 plants tested in the variety JS90-41. In our case the B's however did not affect the morphology of the plant but had random meiotic behaviour. These chromosomes were smaller than the A-chromosomes and did not pair with them. The pollen fertility in the carrier and non-carrier plants was almost similar. About the possible origin of B-chromosomes in Glycine, it can be assumed that the B's observed in our case might have originated in the course of evolution to discard the inert heterochromatic part from the main nucleus.
B-chromosomes or supernumerary chromosomes are extra chromosomes present in some individuals of many eukaryotic species and are generally considered to be dispensable for normal development, since they have no apparent function (Jones and Rees 1982) . B-chromosomes have been found in approximately 15% of living species (Beukeboom 1994) . B-chromosomes are non-vital (occurring in only some individuals within a species) and typically have accumulation mechanisms that increase their transmission prior, during, or following gametogenesis (Nur 1962) . As a rule, carriers of these chromosomes are phenotypically indistinguishable from those individuals without them (Clark and Wall 1996) . In most of the cases, B chromosomes behave as genome parasites that are maintained in natural populations because of specific accumulation mechanisms, despite being detrimental to the host. The B's having no similarity to the autosomes, are inherited according to a non-Mendelian pattern and occur as univalents at meiosis Rees 1982, Green 2004 ).
There are a number of plants species like Plantago, rye, Trigonella, maize, Haplopapus etc. where B-chromosomes have been reported but so far reports on the presence of B's in Glycine max have been encountered. Here we report the occurrence of '2B-chromosomes' in the natural population of Glycine max. Possible behaviour of B's during meiosis and their prospects have been investigated in Glycine max.
Materials and methods
Seeds of variety JS 90-41 were obtained from National Research Center for Soybean, Indore, India. Seeds were sown in soil standard management and fertilization recommendations were followed at weekly intervals. At the time of flowering, young floral buds were fixed in 1 : 3 acetic alcohol solution for 24 h, after which they were transferred to 70% alcohol and stored at 4°C. Slides were prepared using anther smear technique with 2% acetocarmine. Approximately 85 plants were analyzed cytologically. Pollen fertility was calculated in them using acetocarmine glycerine stain-ability test.
Observations
Out of the 85 plants tested meiotically, 6 plants (7.06%) were found to be B carriers (nϭ20ϩ2B-chromosomes). In the control (non-carrier) plants, 20 bivalents were seen at diakinesis stage which were found to arrange themselves at the equatorial plate at metaphase I. At anaphase I, these bivalents separated into univalents and migrated to opposite poles as univalents. Hence, 20 univalents reached to each pole after anaphase I. After the completion of meiosis 4 daughter nuclei with a haploid set of genome were found.
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Cytologia 72(4) Priyanka Rai and G. Kumar While, in all the 6 carrier plants, 2 additional chromosomes were found which were of about the same size and morphology but smaller than the bivalents (Fig. 1, D-I) . In presence of large number and small size of bivalents, the recognition of these small accessories was worthnoting, yet these small extra chromosomes were found approximately at all the stages of meiosis, though these chromosomes were sometimes absent in some of the PMCs of the carrier plants also (Fig. 1, A-C) .
The behaviour of these chromosomes was also found to be a typical, these chromosomes were smaller than the A-chromosomes and did not pair with them. The B chromosomes were furthermore found to pair with each other at Metaphase I and moved to the same pole at Anaphase I. The movement of these smaller chromosomes towards the pole was totally randomized and did not follow any pattern. Sometimes, these chromosomes migrated towards the pole precociously, however, they were also observed migrating towards the opposite poles. The pollen fertility in the carrier and non-carrier plants was almost similar and found to be 96.53% and 96.67%, respectively.
Morphologically the carrier and non-carrier plants were indistinguishable and no difference in flowering pattern, pod or seed formation etc. was noticed.
Discussion
The extra chromosomes found in the population of Glycine max can be considered as B-chromosomes, since they showed some of the characteristics usually attributed to these chromosomes Rees 1982, Camacho et al. 2000) . These small extra elements, which differed morphologically from autosomes, either occur as univalents or pair with each other but never paired with the A-chromosomes at Metaphase I. Previous cytological studies of Glycine max did not mention the presence of B-chromosomes (Bione et al. 2000) .
Various mechanisms have been proposed to explain the origin and maintenance of B-chromosomes (Cabrero et al. 2003 , Medeiros et al. 2006 , Roche et al. 2001 . Traditionally, these chromosomes are believed to be derived from autosomes (Jones and Rees 1982) which may either be euchromatic or heterochromatic in nature i.e. the intraspecific origin. Since pairing or chiasmata between B-chromosomes and A-chromosomes are not observed in meiosis, it is probable that the original homology between them was rapidly lost. Modifications in the structure and in the pairing behaviour during meiosis might also have prevented association with the ancestral A-chromosomes . Heterochromatization is also a common process in the differentiation of Bchromosomes since many of the B-chromosomes are completely heterochromatic in numerous species (Venere et al. 1999) . Besides the intraspecific origin, interspecific origin has also been documented (Perfectti and Werren 2001) . Some reports on emergence of new accessory chromosomes have also been noted . However, more complex origins have also been proposed for supernumerary chromosomes like "B-chromosomes arose as a leftover centromere from centric fusion" (Peppers et al. 1997) or "B-chromosomes are isochromosomes that have arisen by means of centromere misdivision and chromatid non-disjunction" (Mestriner et al. 2000) . In rye, likewise, B chromosomes are mostly composed of DNA sequences shared with A-chromosomes (Wilkes et al. 1995 , Houben et al. 1996 , suggesting their intraspecific origin (Puertas 2002) . Langdon et al. (2000) have reported the interesting de novo formation of satellite DNA.
The most important aspect of B-chromosomes is their possible effect on exo and endo phenotype of the plant B-chromosomes have mostly been thought as inert, having no effet of their own. When present in large number the B's have been shown clearly to affect the vigour and fertility (Randolph 1941 , Muntzing 1949 , Hakansson 1957 , Green 2004 ). While, when present in low frequency, they generally produce no marked effects but 2 exceptional cases have been reported i) in Haplopapus gracilis where, colour of achenes was changed by presence of a single B chromosome (Jackson and Newmark 1960) , ii) in Plantago coronopus where, single B induced complete male sterility (Paliwal and Hyde 1959) . However, Ross (1970) and Raghuvanshi and Kumar (1983) contradicted the view of Paliwal and Hyde and concluded that there was no correlation between B's and male sterility in Plantago coronopus. However, coming to the endophenotype, their effects on genetic recombination have been clearly demonstrated in rye, Trigonella and Impatiens balsamina.
Since in our case with Glycine max, individuals carrying B-chromosomes are generally indistinguishable from those without these chromosomes, therefore it can be concluded that B-chromosomes must not carry genes with important phenotypic effects. However, the maintenance of Bchromosomes in certain populations has been taken as indicative of their role in conferring some advantage to transcriptional activity or the genetic variability of the species, as pointed out by Belcheva and Sofianidou (1990) and Holmes and Bourgour (1989) . The result that the 2B-chromosomes do not affect the pollen fertility in Glycine max, is in congruence with the result of Raghuvanshi and Kumar (1983) in Plantago coronopus and thus the conclusion can be drawn that the genes for fertility are also not located on the B chromosomes. Jones (1975) reviewed that the B chromosomes may be present or absent within individuals of a species. Even in B carrier plant also, they may be present in some of the cells and absent in others because Bs inherit in a non-Mendelian manner and are unstable during somatic cell division and meiosis. Their meiotic behaviour is quite irregular. They may migrate to same pole or opposite poles. In Glycine max, the 2B chromosomes were observed to move towards the same pole therefore, not equally distributed to gametes. This might be the main reason that in carrier plants some of the PMCs did not have the B chromosomes.
About the possible origin of B-chromosomes in Glycine, it can be assumed that the B's observed in our case might have originated during the course of evolution to discard the inert heterochromatic part from the main nucleus.
Since, Glycine max is a biologically important crop because of its very high protein and good quality oil content, therefore, the present investigations can play a significant role in further studies on soybean genomics and can help a lot in deciphering the genome of soybean.
